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ABSTRACT 
Today purification of water is essential and to fulfil the water demand of the growing population and shrinking 
water resources. In last decades due to industrialization and overpopulation, the water quality is been degraded not only 
of surface water but also of ground water because of constant release of industrial effluent directly to the water bodies 
without any primary treatment and over exploitation on ground water. Among several water treatment technology 
adsorption is mostly considered one that is easy to manage, demand less cost and energy. However, synthesis of an 
effective environmentally benign and economically sustainable adsorbent is the centre of focus of researchers these days. 
There are various adsorbents like nanoparticles, activated carbon and zeolite etc. are being used yet for the removal of 
various water pollutants. In this chapter, the adsorbents are divided into three categories natural, carbonaceous and 
nanoparticles and their various uses in water treatment are described. 
Key words: water pollutant; absorbent: nanoparticles; activated carbon; zeolite 
1) INTRODUCTION 
Water is one of the primary needs for the entire organisms 
living on the earth. The need of water is growing more and 
more due to the increasing world population and over 
exploitation of the water resources [1]. Moreover, the 
water bodies are being polluted by several anthropogenic 
activities, several industrial effluents, and municipal 
wastewater are discharged directly into the river, oceans 
and other water bodies. These effluents contain different 
types of organic and inorganic chemical compounds. They 
pollute the surface water and ground water at an extreme 
level which is not fit for the consumption of humans and 
animal [2]. The coloured effluents from dyeing industries 
not only degrade the water quality, but it also hinders the 
photosynthesis phenomenon [3]. The industrial effluents 
contain several non-biodegradable, toxic, mutagenic and 
carcinogenic compounds that pose serious threat to health 
of all flora and fauna. Removal of these pollutants from the 
water is the need of the time to cope with the rising water 
crisis in the world. Several methods are applied for the 
removal of water pollutants like coagulation, flocculation, 
membrane filtration, reverse osmosis, ozonolysis 
electrostatic precipitation and adsorption among them 
adsorption is the widely accepted technology due to its 
operative ease and low cost [4]. It allows the removal of 
inorganic as well as organic pollutants from water. Several 
types of adsorbents have been utilized for water 
remediation till now that mainly includes activated 
carbons, activated alumina, zeolite, biosorbents and 
nanoparticles. Nanoparticles besides being a good 
adsorbent they also have antimicrobial activities that make 
them more efficient. In this chapter the adsorbents are 
categorised in three part i) adsorbent prepared from 
natural material (clay zeolite etc.), ii) carbonaceous 
adsorbents (biochar, activated carbon etc.) and iii) metallic 
nanaoparticles (iron nanoparticles; FeNPs, silver 
nanoparticles; AgNPs). 
2) APPLICATION OF NATURAL MATERIALS AS 
ADSORBENT  
The natural materials are known as emerging adsorbent 
due to their easy availability and abundance in nature, 
which have been used in removal of various inorganic and 
organic pollutants from wastewater and drinking water for 
decades. The clay is phyllosilicates having different types 
of mineral groups such as bentonite, kaolinite, 
montmorillonite, smectite, Illite etc. [5]. Clay minerals are 
mainly composed of silica and alumina having small 
particle size and formed by weathering of rocks [6]. Clay 
minerals and zeolite are considered as very effective 
adsorbent because they have high cation exchange 
capacity. Modification of natural materials for 
enhancement of adsorption capacity is a new development 
for removal of toxic pollutants from wastewater. The 
adsorptive behaviour of a number of natural materials and 
modified form of natural materials and their application 
for removal of pollutants are discussed as following.  
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2.1 Application of clay for adsorption of fluoride 
Number of researchers studied the preparation and 
application of natural materials for removal of fluoride 
from water. Tor et al. [7] employed the red mud to prepare 
granular red mud (GRM) as adsorbent. GRM was 
synthesized by using raw red mud, fly ash and sodium 
carbonate, quicklime and sodium silicate and the prepared 
GRM used for fluoride adsorption by batch and column 
process. Kir et al. [8] used acid activated natural diatomite 
and ignimbrite for fluoride removal. Both natural materials 
were activated with 2 mol/L of sulfuric acid and the 
maximum removal of fluoride was found to be 12.03 and 
8.82 mmol/g, respectively. Garcia-Snchez et al. [9] studied 
the adsorption effect of modified magnetite for fluoride. 
The magnetite was treated with lanthanum oxide and 
aluminum oxide and found 96 and 90% for each modified 
magnetite, respectively. Tang et al. [10] performed the 
enhancement of fluoride adsorption by using 
hydroxyapatite with carbon nanotubes (CNT-HAP). CNT-
HAP was prepared by co-precipitation process and 
adsorption capacity of it was obtained to be 11.05 mg/g. 
Iriel et al. [11] investigated the application of laterite soil 
in fluoride removal from ground water. After treatment 
0.48 mg/g fluoride adsorbed on the laterite. 
2.2 Application of clay minerals for removal of dyes 
The montmorillonite clay mineral has been modified by 
metals ions (Li+, K+, Na+, Cs+ and Rb+) and used for removal 
of dye (Fluorescence sodium). These metal ions were used 
as solution of metal chloride. It was found that 
montmorillonite modified by Na+ have maximum 
adsorption capacity (70.1 mmol/g) followed by Li+, K+, Rb+ 
and Cs+ modified montmorillonite clay [12].  Makhoukhi et 
al. [13] used modified bentonite for removal of dyes 
(Telon-orange, Telon-blue and Telon-red). The bentonite 
was modified by bis-imidazolium cations. The adsorption 
capacity was found to be 437.96 mg/g for Telon-Red, 
108.3 for Telon-Orange and 82.4 for Telon-Blue. Eren et al. 
[14] investigated the use of modified bentonite for 
removal of basic dye (crystal violet) from aqueous 
solution. Magnesium-oxide was used for coating of 
bentonite and after treatment the maximum removal 
capacity was observed to be 496 mg/g of crystal violet. 
The effective adsorption of acid red has been found on 
natural clay material without any modification. The 
highest adsorption of acid red was found 1133.1 mg/g on 
natural clay in 15 min at 2 pH [15]. Ibrahim et al. [16] 
applied clay soil for removal of Methylene blue and crystal 
violet dyes from aqueous solution. The maximum 
adsorption of MB and CV was found 47.8 and 35.7 mg/g, 
respectively by the clay soil. Various researchers were 
investigated that different types of natural materials are 
very effective for removal of dyes. 
2.3 Application of zeolite for adsorption of fluoride 
Ma et al. [17] applied the modified zeolite in fluoride 
removal from wastewater. Zeolite was modified by 
aluminum (III), magnesium (II) and titanium (IV) using 
Al2(SO4)3, MgSO4 and Ti(SO4)2. Removal capacity of Ti(IV) 
modified zeolite was found best than Al(III) and Mg(II) and 
having 1.64 mg/g. Sun et al. [18] prepared the adsorbent 
from natural zeolite (stilbite) and applied for fluoride 
adsorption. The natural zeolite powder heated at 555 ˚C in 
the presence of N2   and obtained heated material treated 
with FeCl3 and the removal efficiency was found 2.31 mg/g 
for modified zeolite. Lai et al. [19] employed the 
lanthanum (La3+) modified zeolite at two different 
temperature 303 and 313 K. The adsorption capacity was 
20.8 and 23.04 mg/g of both adsorbent, respectively for 
fluoride adsorption. 
Dessalegne et al. [20] reported the aluminum hydroxide 
modified zeolite and the modification of it was done by 
aluminum sulfate. It was used in adsorption of fluoride and 
the adsorption capacity was found to be 12 mg/g which 
was higher about 12 folds than raw zeolite. Velazquez-
Pena et al. [21] preformed the fluoride removal from 
aqueous solution using different types of modified zeolite. 
Mordenite, clinoptilolite and chabazite were modified with 
zirconium, iron and combination of both (iron-zirconium). 
The adsorption capacity was found to be 3.5 mg/g, 2.6 
mg/g and 1.8 mg/g for FeZr modified mordenite, chabazite 
and clinoptilolite, respectively. Teutli-Sequeira et al. [22] 
used zeolite and hematite as adsorbent for removal of 
fluoride by batch and column process. The both materials 
were modified by aluminum and maximum uptake of 
fluoride was found 3.3 and 2.3 mg/g, respectively. 
Synthesis of zeolite from fly ash is a new development of 
adsorbent preparation for water treatment. Panda et al. 
[23] synthesized the zeolite by using coal fly ash and 
sodium hydroxide and applied for removal of fluoride. The 
synthetic zeolite has good efficiency of adsorption 
observed. More than 85% removal of fluoride was found at 
normal conditions. Mukherjee et al. [24] reported 22.83 
mg/g of adsorption capacity of fluoride on synthetic 
zeolite prepared by using rice husk ash. 
2.5 Application of zeolite for adsorption of Arsenic 
Lizama-Allende et al. [25] reported the use of zeolite and 
limestone in arsenic removal. The highest adsorption 
capacity was observed to be 0.17 and 1.3 mg/g of arsenic 
on zeolite and limestone, respectively. Melak et al. [26] 
evaluated the removal capacity of arsenic(V) by two types 
of materials stellerite and quartz tuff and the arsenic 
uptake was found 0.23 mg/g for stellerite and 0.42 mg/g 
for quartz. Clinoptilolite zeolite in the nano form used after 
modification with sulfuric acid and applied for adsorption 
of arsenic. The maximum removal was taken place 96.7% 
under suitable condition [27]. Khatamian et al. [28] 
investigated the arsenic removal capacity by using reduced 
graphene oxide (RGO), magnetite (Fe3O4) containing RGO 
and copper exchanged zeolite (Cu-ZEA). Graphene oxide 
was prepared by graphene powder, NaNO3, and KMnO4. 
Soni et al. [29] prepared the zeolite from coal fly ash and 
sodium hydroxide and graphene oxide (GO) also prepared 
by combination of graphite, KMnO4, NaNO3 and hydrogen 
peroxide. Finally, ZrGO synthesized with equal proportion 
of zeolite and GO and adding N-methyl-2-pyrrolidone. The 
synthesized ZrGO was used for adsorption of arsenic from 
aqueous solution and the highest removal capacity was 
observed to be in the range of 49.2-145.9 µg/g.  
2.6 Application of natural materials for heavy metals 
removal from water 
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Various researchers investigated that natural materials 
have effective adsorption capacity for heavy metals and 
some studies related heavy metal removal are given in the 
Table 1. 
3) APPLICATION OF CARBONACEOUS 
BIOADSORBENTS FOR THE REMOVAL OF ORGANIC 
AND INORGANIC POLLUTANTS  
Water pollution and clean water availability to everyone is 
one of the leading problems in developing countries like 
India. Various treatment methods were used worldwide to 
tackle the problem of water contamination such as 
filtration, precipitation, ion exchange, membrane filtration, 
coagulation and adsorption. Among all these treatment 
methods adsorptions through carbonaceous bioadsorbent 
is feasibly one of the most effective treatment methods for 
the removal of water contaminants [36]. Carbon-based 
bioadsorbents like activated carbon, biochar, graphene 
and its derivatives and carbon nanotubes etc. are widely 
used for the   removal of water contaminants from 
aqueous solution and natural water [37]. 
Various studies have been done by the researchers to 
explore the potential of these bioadsorbents for 
decontaminating the contaminated water and focusing on 
the sorption characteristics. For the treatment of water 
and wastewater activated carbon has been extensively 
used but the production cost of coal-based activated 
carbon is very high [38]. Biochar is an emerging low-cost 
alternative of activated carbon having high pore density 
and large surface area.  The carbonaceous materials were 
prepared by waste biomass of rice husk, plant leave litter, 
sawdust, peanut peel, fruit waste residue, wood bark, solid 
waste etc. that solve not only the water treatment issue 
but also helps in managing the waste materials [39]. For 
the removal of organic and inorganic pollutant from water 
these carbonaceous biosorbents were efficiently used. The 
adsorption capacities of various bioadsorbents are given in 
Table 2. 
3.1 Application of carbonaceous materials for the 
removal of inorganic pollutants 
Verma and Singh [40] in their study shows the successful 
removal of As(III) and As(V) using biochar prepared from 
plant litter waste biomass at 800 °C. Maximum adsorption 
of As(III) was found to be 76.4% and 68.9% by TB-800 and 
LB-800, respectively. However, the removal of As(V) was 
95.6% by TB-800 and 80.3% by LB-800. The adsorption 
capacity was found to be increased with increasing initial 
Table 1. Various natural materials for the removal of heavy metals 
Natural Materials Modification Heavy metals Adsorption capacity/percent References 
Bentonite  Ni and Mn 90% [30] 




































Table 2. Adsorption capacity of different bioadsorbent for organic and inorganic pollutants.  
S.No. Adsorbate Adsorbent (material used) Adsorption capacity (mg/g) References 
1. Phenol 
Activated Carbon CHAC-250 6.468 
[42] 
(corn husk) CHAC-500 8.44 
2. p-Nitro phenol 
Activated Carbon CHAC-250 9.930 
[42] 
(corn husk) CHAC-500 11.668 
3. As(III) 
Biochar TB-800 0.666 
[40] 
(leaves waste) LB-800 0.454 
4. As(V) 
Biochar TB-800 1.250 
[40] 
(leaves waste) LB-800 0.714 
5. Fluoride Biochar (tea waste) 52.57 [43] 
6. Fluoride Activated carbon (Moringa indica) 0.23 [44] 




arsenic concentration. The regeneration study of the 
biochar materials revealed that the biochar can be 
reutilized up to 4 cycles effectively. 
 Citrus limmeta pulp residue was utilized for the 
preparation of activated carbon at two different 
temperatures i.e., 250 and 500°C, modified with FeCl3 for 
developing magnetic properties in the activated carbon 
and its application for the removal of Fluoride from 
aqueous solution. The adsorption capacity for Fluoride by 
ACP-250 was 7.75 mg/g and 12.62 mg/g by ACP-500. 
Maximum adsorption of fluoride was observed at pH 4 i.e., 
76.5% and 74% through ACP-250 and ACP-500, 
respectively [41]. 
Non- lignocellulosic material (sludge) was used to 
synthesize the biochar obtained from anaerobic digestion 
and then applied for the removal of Pb. Different pyrolysis 
temperature were used to prepare the biochar materials. It 
was found that the biochar synthesized at 600 °C 
temperature shows effective removal of Pb with 
adsorption capacity 51.20 mg/g. Langmuir model of 
isotherm and pseudo-second-order kinetics was best fitted 
to the experimental data [46]. 
He et al, [47] studied about the removal of As(V) using iron 
infused biochar and pristine biochar synthesized from 
corn straw and the results shows that the biochar treated 
with iron removed As from aqueous solution more 
efficiently in comparison with  the pristine biochar that 
show less efficiency in removing As from the aqueous 
solution. The magnetic biochar composite showed superb 
characteristics like good thermal stability, large surface 
area, many oxygen containing functional groups etc. that 
enhanced the removal efficiency of the biochar for As(V). 
3.2 Application of carbonaceous materials for the 
removal of organic pollutant 
Crystal violet dye was successfully removed from aqueous 
solution by utilizing Acacia mearnsii waste for the 
development of an adsorbent through acetosolv method. 
The process of adsorption was endothermic in nature and 
favorable. Freundlich adsorption isotherm was well fitted 
to the experimental data and the maximum adsorption 
capacity was found to be 280 mg/g. the equilibrium was 
observed within 2 h and the maximum removal of crystal 
violet dye was found to be 95% in alkaline medium (pH 
10) [48]. Hameed and Khaiary, [49] worked on the 
removal of malachite green dye through rattan sawdust 
and found that the adsorption capacity was 62.71 mg/g 
and the process of adsorption was homogenous in nature 
means followed Langmuir model of isotherm. In this study 
initially the rate of adsorption process was controlled by 
the film diffusion but after a certain time period or longer 
adsorption time it was controlled by the pore diffusion. 
Earthworm manure was used for the synthesis of biochar 
material at 400-600 °C temperatures and applied for the 
adsorption of Rhodamine B dye from an aqueous solution. 
The removal percentage was quite good with monolayer 
adsorption on homogenous surface.  
4) SYNTHESIS OF METALLIC NANOMATERIALS AND 
THEIR APPLICATIONS FOR THE REMOVAL OF 
ORGANIC AND INORGANIC POLLUTANTS  
Nanotechnology is an emerging and one of the fastest 
growing technologies. It has many advantages over other 
technologies. The nanotechnology use in several domestic 
and industrial aspects has served as a boom [50]. 
Nanomaterials can be defined as the particles having size 
within the range of 1-100 nm, in this size range the 
physical and chemical properties changed far from their 
bulk and molecular size [51], they possess characteristics 
features, they have a high surface to volume ratio that 
make them highly reactive, magnetic and electrically 
active. They are used because of their adsorption, catalysis, 
photo-catalysis, bio sensing, antibacterial, drug delivery, 
and optical sensation capabilities. Now a day nanoparticles 
have a wide field for usage such as environmental 
remediation, medicinal use, electrical use, uses in 
cosmetics and biotechnology [52]. Nanomaterials are 
offering advance water treatment methods.  In the 
upcoming year the utilization of nanomaterials is expected 
to get increase in various industrial processes that will 
help in process cost reduction by enhancement of the 
process efficiency, use of less energy and making process 
more environmentally reliable. However, it may not cope 
with all the global problems by the increasing world 
population but the nanotechnology will help to have a 
sustainable development in many social aspects [51]. 
4.1. Synthesis of metallic nanoparticles 
The nanomaterial can be prepared by two way firstly by 
broking larger bulk material into the nanosized material 
and secondly from the atomic size to nano-size by self-
aggregation chemically or biologically [53]. The first 
method is referred as “top to bottom approach” which is 
mainly done by evaporation and condensation using tube 
furnace, ball milling, lithography ultrasonic and high 
energy irradiation and the second method is referred as 
“bottom to top approach” in which nanomaterials are 
obtained by the chemical reduction method through which 
the metals are reduced using a strong reducing agents like 
Sodium borohydride (NaBH4), sodium citrate, Tollen’s 
regent etc. Green synthesis of the nanoparticles is an 
emerging alternative technique that replaces the use of 
environmentally harsh chemicals and promises a 
environmentally safe and comparatively cheaper synthesis 
of nanoparticles. The green synthesis of nanoparticles 
focuses on the uses of microbial and plant entities. 
Lyudmila et al. [54] reported synthesis of silver 
nanoparticles using Pseudomonas Sp. Gong et al. [55] 
reported in his study one step synthesis of zinc sulfide 
nanoparticles by the use of Desulfovibrio desulfuricans. 
However, a major focus of the researches has now been 
shifted towards utilizing plant for the green synthesis of 
nanoparticles. This is due the simpler and easier process, a 
higher availability of plants, with less operational cost and 
producing nanoparticles in comparatively higher mass. 
Plants have so many phytochemical compounds like 
alkaloids, flavonoids, saponins, reducing sugars, phenolic 
compounds, terpenoids and many more that work as a 
reducing agent and replaces the toxic and hazardous 
chemical reducing agents. Moreover, these phytochemical 
compounds also serves as a capping agent  that we have to 
provide additionally in chemical synthesis, a capping agent 
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is a chemicals that cover ups the nanoparticles surface and 
give it protection from being oxidised and also provide 
stability to the nanoparticles.  Sadeghi and 
Gholamhoseinpoor, [56] reported synthesis of stable silver 
nanoparticles with average size 20nm by using Ziziphora 
tenuior leaf extract. Various plant extracts have been used 
yet for the synthesis of different metallic nanoparticles a 
list of some of the plants have been given in the Table 3 
that have been successfully used for nanoparticle 
synthesis. Beside plants several organic wastes have also 
been explored for the green synthesis, it reduces the 
synthesis cost more and it is also a method for the 
minimization organic waste. Different wastes like tea 
waste [57], fruit peel [58], coconut shell [59], agroforestry 
waste (Moringa oleifera petals) [60], banana peel [61], 
Citrullus lanatus rind [62], onion peel [63], Citrus maxima 
peel [64], sapota fruit waste [65], Almond hull [66], waste 
mangosteen pericarp [67] are successfully used for the 
preparation of extract for the fabrication of different 
nanoparticles. A description of some of the mostly used 
metallic nanoparticles and their applications are given 
below. 
4.2. Silver nanoparticles 
Silver nanoparticles (Ag-NPs) are proved to be an effective 
antimicrobial and anti-inflammatory agent they are mainly 
used in biomedical, water treatment, drug delivery and 
agricultural fields [78]. Today the synthesis of Ag-NPs is 
done by various physical and chemical processes that 
includes gamma rays irradiation, Laser ablation, chemical 
reduction, electrochemical and photochemical methods at 
industrial level. Silver nitrate is used as Ag precursor 
mainly for Ag-NPs synthesis apart from its silver chloride 
is also used. Different types of Ag-NPs shapes rods, sphere, 
triangular and cubes are obtained using different 
fabrication methods [79]. Shape and size of the Ag-NPs 
controls their antimicrobial activity, particles of 8 nm size 
and particles in triangle shapes are found to be most 
effective [80]. Immobilization of Ag-NPs on by embedding 
on membrane enhance their antimicrobial activity on 
immobilization they are found effective for both Gram 
negative and Gram-positive bacteria. Ag-NPs are also 
successfully applied for the diagnosis and treatment of 
cancer [53]. 
4.3. Gold nanoparticle 
Gold nanoparticles Au-NPs have several applications bio-
labelling, drug delivery, therapeutics, detection and 
diagnosis. They have this wide field of application due to 
their large surface to volume ratio, monodisperserity, low 
toxicity, tunable core size, multi-functionalization, simple 
fabrication process, high X-ray absorption coefficient, 
strong binding affinities with thiol, amide and sulphide 
groups and characteristic electronic features [81][82]. Au-
NPs have also many applications in imaging and 
microscopy as they offer to tune their optical properties by 
adjustment in their diameter and shell thickness [83]. They 
have also emerged as an excellent material in biosensing 
due to their specific features they allow their safe 
integration into the sensing system for both in vivo and in 
vitro detection [84]. 
4.4. Titanium oxide nanoparticles 
Titanium oxide nanoparticles (TiO2) emerged as a most 
promising photo-catalyst they are used for the catalytic 
degradation organic pollutants.  TiO2 are good photo-
catalyst along with it they are non-toxic the basic 
mechanism behind their working is the generation of 
highly reactive OH radicals antagonistic effects on the 
bacteria, fungi, algae and virus. The doping of transition 
metal to TiO2 enhanced it photo-catalysis capability from 
UV region to the visible light region. They have shown 
their great potential for the disinfection of water [85]. TiO2 
films and rods are reported to be more effective 
photocatalyst in comparison with TiO2 nanoparticles that 
are commercially available. TiO2 is an efficient 
photocatalyst and disinfectant however the mechanisms 
behind them are still not well known. 
4.5. Iron oxide nanoparticles 
Since last decade the iron nanoparticles (FeNPs) are being 
used for the environmental remediation due to its high 
surface area, a wide distribution of reactive sites and 
unique adsorption efficiency [77]. Iron nanoparticles are 
also widely used in medical, environmental and other 
sector. Iron and iron oxide nanoparticles are used in MRI 
techniques, catalysis, drug delivery system, immunoassay. 
Iron oxide nanoparticles with the particle size less than 20 
nm and composed of ferromagnetic material have super 
para-magnetism property. Iron nanoparticle are widely 
Table 3. Different plants have been used for the green synthesis of nanoparticles  
NPs Plant extract used Application  References  
Ag-NPs Emblica officinalis Antibacterial  [68] 
Ag-NPs Ocimum sanctum  Antibacterial  [69] 
Ag-NPs Trifolium resupinatum Antifungal  [70] 
Ag-NPs and ZnO Heritiera forms and Sonnerratia apetala Biomedical [71] 
Cu-NPs Eclipta prostrata Antitoxicant and cytotoxic test [72] 
CuO Madhuca longifolia Water treatment and antibacterial [73] 
CuO Pterospermum acerifolium Toxicity comparison [74] 
ZVI Spinacea oleracea Wastewater treatment [75] 
Iron oxide 
nanoparticles  
Turmeric and mosambi  Municipal wastewater treatment [76] 





used for the adsorption as well as catalytic degradation of 
organic pollutants for their removal from water they are 
used for the removal organic pollutants, inorganic 
pollutants and pathogenic bacteria [86]. Nano zerovalent 
iron (nZVI) are also used for the removal of metal and 
metalloid removal from water like Arsenic [87], copper 
[88] chromium [89] etc. Radioactive element such as 
uranium dioxide were also removed by bisphosphonate 
modified magnetite.  
5) CONCLUSION 
Adsorption is an effective technique for the purification of 
water several types of adsorbents are been explored for 
this purpose. Utilization of natural materials for the 
preparation of adsorbents may decrease the preparation 
cost. The fabrication of biosorbents by the carbonization of 
the biomass is also an economic way and biosorbents 
preparation from waste biomass also helps in the 
reduction of waste biomass that creates a nuisance in the 
environment if not properly managed. Utilization of 
nanoparticles as adsorbents for water remediation is 
comparatively costly due to its synthesis method, however, 
this can be overcome by the green synthesis approach in 
addition nanopoarticles have several other properties, like 
photocatalytic activity and antimicrobial activity. 
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